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As part of a general study of on-board operations on
a long-duration, multi-disciplinary space station, this papern
develops nominal requirements in the assessment of physiolb6g-
lcal adaptation and performance capabilities of man in the
space environment. The general types of medical and behavioral
experiment activities required to accomplish this assessment
are described here in terms compatible with activities of other
scientific disciplines in the space station. A block of time
in the crew's daily schedule has been defined for medical/be-
havioral measurement activity, and several modes of activity
are defined, each mode requiring its own amount of crew time
and spacecraft resources.
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BELLCOMM, INC.
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024

suiFreT:  Blomedlcine Subsequence in a Multi- DATE:  December 27, 1003
Disciplinary Earth Orbital Space
Station. Case T720. from: B. E. McGaughy

TECHNICAL MEMORANDUM

[.  INTRODUCTION

This memorandum discusses the biomedical and behav-
loral measurement activity which might be carried out on a
slx-man, two-year earth-orbital space station whose general
characterisctics are outlined in a previous memorandum by G.
" drrok (Ref. 1). Major emphasis is placed on the general
types of medical activity which would be meaningful in the
space statlon rather than a detailed description of each crew
member's actlvity throughout the mission.

It will be shown that after the medical experiments
are performed enough time remains in the work schedule of
cach erew member to carry out a reasonable program of astron-
omy, earth looking and bioscience activities, as well as the
personal malntenance and spacecraft operations and maintenance
activities in the space station. All of the scientific activ-
Itles to be conducted on the space station are bounded by the
sleep-eat-work schedule described by S. L. Penn (Ref. 2) and
referred to as the Personal Maintenance Subsequence.

Since the medical experiment program is very sensi-
tive to previous flight activity, the following assumptions
should be kept clearly in mind:

1. Before this two-year multi-disciplinary mission
is flown, the AAP program will have been success-
fully completed. This means that three-man crews
will have performed well under close medical sur-
veillance for as long as sixty days without evi-
dence of medical or behavioral problems serious
enough to potentially Jeopardize crew safety for
this mission.

2. The logistics re-supply interval on this flight
is assumed to be ninety days. Therefore, even
1f the astronauts stay up for only one loglistics
cycle, they will have exceeded thelr previous
stay in orbit by at least thirty days.
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it lonale ror Medlcal lixperiments

The experiments are designed primarily to give ad-
vanced warning of any impending behavioral or physiological
problems which might arise from the stresses of space flight
and Lo predict how well the men are 1likely to survive re-entry
and post-flight earth gravity conditions. In addition to this
compelling, and immediate objective, in-depth medical experi-
ments are also needed to investigate the time course of man's
pliyslolopgical adaptation between zero-gravity and earth-grav-
1ty conditions (including individual variations in this adap-
tat.lon process) and to test any promising schemes which might
be devised to assist us in this adaptation process. It 1s
important to remember that the astronaut population will be
among the best medically-characterized group of "normal" people
in the world, so that our knowledge of human biology will
preatly benefilt from carefully-designed studies of astronaut
performance under space flight stresses.

1I. DLESCRIPTION OF MEDICAL ACTIVITY

It 1s improper at this time to outline the detailed
5ot of medical experiments which should be flown in a 1974 two-
year mission because of our lack of experience in long-duration
space flipght. Instead, we attempt to describe the type of med-
iecal experiment activity which will probably be needed to
satisfy the objectives of the program, the general types of
ski1lls and tasks required of the astronauts, the likely fre-
quency of medical measurements, the factors which affect this
frequency and the resulting likely astronaut time required to
carry out the measurements.

A. "Type of Measurements and Tasks Involved

The medical experiments fall within the following
poneral classes:

1. Laboratory analysis of blood, urine and feces:
This provides information about mineral deple-
tion of the astronaut, stress hormones, O,
carrying capability of the blood, white cell
population, water balance, etc. Laboratory
analysis of the microbial populations will also
be made.

2. Cardiovascular and respiratory measurements:
These measurements reveal the dynamics of the
blood distribution system (which must function
considerably differently in zero-gravity con-
ditions), the heart output, the volume, com-
pliance and functioning of the lungs.
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Performance measurements: These are designed
to keep a running check on sensory perception
(including visual and orientation), reaction
time, long and short term memory, vestibular
function and electro-encephalogram.

o)
.

. Metabolic and nutritional studies: These meas-
urements determine the fluid, nitrogen and min-
eral balance of the astronauts, their metabolic
efficlency at performing various known tasks
and their work capacity suited and unsuited.

The above experiments will require each astronaut
to be the subject of a scheduled set of medical tests. Some
of the tests (e.g., performing exercise while wearing elec-
trodes) require that an observer help monitor the measurement
recording while the subJect is performing the experiment. In
additlon to belng subject and observer, one or more of the as-
tronauts must also have the laboratory technician skills needed
to perform analysis on the samples.

To carry out these measurements, the men will def-
initely have to be trained, but the degree of specialization
15 low enough that any astronaut could do the Job. Anyone who
can fly and land a military jet plane could easily learn to
conduct these medical experiments. Therefore, for the medical
experiments, all crew members are considered interchangeable.
The analysis of samples, however, might involve some special-
ived techniques (such as interpreting white blood cell count).
This is the only part of the medical program which cannot be
shared by all crew members, but the frequency and duration of
these specialized tasks is low enough not to seriously tle up
any one man for a significant fraction of his work day.

B. l'requency of Measurements and Time Needed to Perform Them

The preliminary studies of an Integrated Medical and
Behavioral Laboratory Measurement System (IMBLMS), which have
been conducted by General Electric and Lockheed for NASA Head-
quarters, outline the measurements which would be feasible and
advisable for earth orbiting space station. Some of these meas-
urcments are described in Table I. The time needed for each
experiment and the frequency of the experiments listed in the
IMBLMS studies are in substantial agreement with the "Biolabs"
study by Lockheed (Ref. 3).

Since the lists are, in this author's opinion, very
complete and call for experiments quite often, we can assume
that they were designed for an intensive "biomedical” mission.
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If these cxperiments were all done at their recommended fTro-
quency, each astronaut would be the subject of a medical ex-
periment for over 2.5 hours per day and an observer for one
bour per day. In addition, analyzing the medical samples for
three crew members would take about 3.3 hours per day.

To construct the skeleton of a reasonable medical
program for this two-year, six-man, multi-disciplinary space
station, we assume for planning purposes that the IMBLMS set
of experiments will be run (since we now have no valid way of
ruling out problem areas) but that their frequency will be re-
duced. This is a way of saying that we will undoubtedly know
more (therefore need less frequent measurements) about medical
problems after the 60-day AAP flights, but we cannot say what
we will know. The following table shows how we have reduced

the frequency of the medical experiments:
BIOLABS FREQUENCY REVISED FREQUENCY
Once per 10 days Once per 14 days
Once per 5 days Once per 7 days
Every day Every two days

Using this revised frequency schedule and increas-
ing: the laboratory analysis time by a factor of 1.5 to go from
a three-man to a six-man crew, we find that the new subject
Ltime per astronaut is about 1.75 hours per day, the observer
time is about .75 hour per day, and the laboratory analysis
time is about 2.5 hours/day. This analysis time could be either
split amonpg, the three shifts in the day or consolidated into a
single block.

Figure 1 shows one way 1n which this time can fit
into the work periods of the personal maintenance schedule
discussed by 8. L. Penn (Ref. 2). Experiments are performed
at. a time in the day when four men are available for work, so
that 1f a solar flare or other contingency should arise when
medlical experiments are in progress, the two remaining crew-
men can take care of the contingency without requiring an
abrupt cessation in the medical experiments.

It should be pointed out that the average medical ex-
periment time per week for each astronaut adds up to 21 hours
in the schedule of Figure 1. This is considerably more time
than recommended by the Saturn V Workshop Study (Ref. 4) which
allowed a time of 10 to 15 hours per week. It is clear that
1 21 hours per week is considered an excessive time to devote
to medical experiments, a considerable number of experiments
must be removed from the preliminary IMBLMS 1list of experiments.
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C. Effect of Flight Duration on Time Devoted to Medical

Experiments

The set of measurements described above and scheduled
in PFigure 1 1s considered a minimum set even for men who have
had experilence 1in space before. For example, it calls for most
of the measurements to be run every two weeks with only a small
amount of time needed for measurements more frequently. There-
fore, as the mission progresses to durations longer than the
prevlous experience of the 1ndividual astronauts, it may be
necessary to increase the frequency of experiments so that any
adverse reactions can be predicted before they occur,

This conservative attitude 1s expressed in spite of
the a priorl expectation that adaptation to zero-gravity is
likely to occur most rapidly when the environment is first al-
tered. If a particular man has had a successful 60-day exper-
lence 1in earth orbit before this mission, we know that he can
adapt adequately this far, but we have no experience to guide
us In predicting subsequent behavior.

This increase in frequency 1s advisable not only to
protect the individual astronauts on this mission, but also
to advance our basic understanding of long-term biological
effects of zero-gravity environments before we plan a sub-
sequent manned planetary mission.

Therefore, in the absence of any better plan, it
would be loglcal to increase the frequency of the medical ex-
periments to that recommended by Biolabs when entering phases
of the mission when the astronauts are going beyond their
previous flight duration. This amounts to a subject time of
2.5 hours/day, an observer time of 1 hour/day and a laboratory
analysis time (split among three shifts) of 4.75 hours/day.

Conversely, if medical data on many astronauts in-
dicate that men can work in orbit for a long time (perhaps
four to six months) without adverse response, it will be con-
cluded that adaptation to orbital flight is complete. At this
time, the frequency of medical experiments will be reduced.

IIT. BIOMEDICAL SUBSEQUENCE OF ACTIVITIES

Figure 2 describes an over-all view of the medical
actlivities taking place in the space station by listing the
general characteristics of several modes, or scheduled gctiv-
ities, of the biomedical/behavioral program. Each mode 1is
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characterized by its duration and frequency, who and what
systems are participating in the activity, the Information
flow, spacecraft resources needed to perform that mode, and
the factors which will likely necessitate a shift to another
mode .

Mode A, the active medical experiment mode, has
been discussed in detail above. During Mode B (inactive),
medical experiments are not taking place.

Extravehicular activity, described in Mode C, 1is
included in the Biomedical Subsequence rather than the Opera-
tions and Maintenance Subsequence because of its attendant
medical monitoring. EVA will be necessary in the two-year
space station for several reasons. Inspection (either visual
or photographic) of the spacecraft exterior might be desirable,
although the station will be designed to require a minimum of
exterlor maintenance. Exterior equipment may need repair or
cleaning. Materials might have to be deployed or retrieved
if the deployment mechanism fails. Tests of new space suit
designs may be needed. In addition to these tasks, each crew
member should have EVA experience maneuvering in the extra-
vehicular environment so that he will be able to perform
rescue operations in emergencies.

The four-hour time allotment in the chart is obvi-
ously not a firm statement of EVA duration, but 1t does leave
about two hours for working at a site after 0.5 hour 1s al-
lowed for travel to and from the exit port, and 1.5 hours 1is
allowed for EVA preparations (suit donning and doffing, PLSS
checkout, equipment storage, etc.). It is assumed that the
lifetime of the PLSS equipment i1s long enough to cover all
contingencies.

Mode D (repair of medical equipment) is essentially
the same as the repair mode for other equipment (Mode E of the
Operations and Maintenance Subsequence), except that here the
medical experiments are interrupted and some elementary pre-
cautions must be observed before repair is attempted (see
Table II1).

The normal schedule of medical experiments will be
disrupted 1if one of the crew members needs extra attention for
some reason. This is shown in the "transition" section of the
"active mode" and the "modified active" mode in the chart.
Three possibilities exist: (1) the affected astronaut may
need different or more frequent medical tests which could be
performed by his "buddy;" (2) the astronaut may need the close
attention of the crew medical specialist, and the work-sleep
schedule of the entire crew would have to be altered so that
the physician becomes his "buddy;" or (3) the incapacitated



BELLCOMM, INC. -7 -

man may nced no attention at all. In severe cases of pro-
longed duration, it may be desirable to relieve the "buddy"
of" his medical watch by putting a new man on that shift. In
cases more severe than this, one of the abort modes may be
required.

Iv. SUMMARY

This overall description of the biomedical activities
has demonstrated that a meaningful medical measurements program
can be accommcdated into the daily schedule of a multi-disci-
plinary space station. For planning purposes we have defined
a2 block of medical time which 1is adequate for the medical pro-
frram.

The author wishes to thank S. L. Penn and G.T. Orrok
For advice concerning the personal maintenance schedule and
B.A. Gropper for helpful comments concerning EVA.
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1011-REM=cb R. E. McGaughy /
Attachments

Table [
Figures 1 and 2
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